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Lipids

|. Water Insoluble, heterogeneous
molecules.
A)Functions
a) compartmentalize cellular
components and biochemical
pathways: membranes
b)storage of metabolic energy
c)coenzymes
d)signaling molecules and effectors
B) Hydrophobic, lipophilic
C)Major factor in obesity, diabetes,
atherosclerosis
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C00-
Fatty Acid Structure jrm——

Hydrophilic

hydrocarbon chain carboxyl group
(ionized at pH 7)
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AR G-
I. Vary in total number of c-0° c-0~
carbons in the acyl chain.

2. Can contain double bonds
(normally found in the cis

configuration), but are Sagg:aed
usually unbranched. Unsaturated ——>
. bt_)nd .
3. Always amphipathic due to (olecanfiguration)

invariant carbonyl end.
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leic Acid
o\ S oomenclature locates double bonds:
cis-Delta(9)-octadecenaic acid
ds-dela(sup S OUREHRAEfrom the carbonyl end
<i>cis</i>-9-Octadecenoic Acid
Oleic acid (8Cl)
(9Z)-Octadecenoic acid
9-Octadecenoic acid, (Z)-
Oleic acid-9,10-t
9-Octadecenoic acid (9Z)-
nchembio.[03-comp16
eatisD¢ R dectadsicercidt acid
(Z)-Octadec-9-enoic acid
E gwgg}white oleic acid
9,10-Octadecenoic acid
9-Octadecenoic acid (9Z)- (9Cl)
cis-9-Octadecenoic-9,10-3H2 acid
cis-.delta.(sup 9)-Octadecenoic acid
9-Octadecenoic acid (Z)-, sulfurized
9-Octadecenoic acid (9Z)-, sulfurized
9-Octadecenoic-9,10-t2 acid, (Z)-
4-02-00-01641 (Beilstein Handbook Reference)
9-Octadecenoic-9,10-t2 acid, (9Z)- (9Cl)
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“A” nomenclature

locates dbl bonds:

counting from the
carbonyl end

I. cis-A(9,12,15)-
octadecatrienoic acid

2. n-Hexadecanoic acid

3. cis-A(9)-octadecenoic acid

Capric acid 10:0

S Palmitic acid 16:0
Palmitoleic acid | 16:1(9)
Stearic acid 18:0

S Oleic acid 18:1(9)

— Linoleic acid 18:2(9,12)

B ‘F -Linolenic acid | 18:3(9,12,15)

4. cis-A(9,12)-octadecadienoic
acid

Fatty acids with chain lengths of
four to ten carbons are found in
ignifi ities in milk.

lipids and tri
contain primarily fatty acids of at
least sixteen carbons.

COMMON
NAME
Formic acid
Acetic acid
Propionic acid
Butyric acid

STRUCTURE

1
20
3.0
4.0

Arachidonic acid| 20:4(5,8,11,1
Lignoceric acid | 24:
Nervonic acid 24:1(15)

Precursor of prostaglandins

Essential fatty acids

Witins

“W” [omega] nomenclature marks the first
dbl bond from the opposite, or; methyl end

I. w (omega) carbon
numbering — terminal
methyl group is always
the omega carbon.
Begin counting at omega
carbon (#1); most common
are W-6 or N-6 or n-6
(linoleic) and w-3 (N-3;n-3)
(linolenic) fatty acids. These
two are “essential”
fatty acids.

Double bonds between carbons
numbered from carboxy carbon

(5-6)
(8-9)
(11-12)

H HH f

H — H
HOOG(CH,)C=C-CHy C=C-CHy C=C-CHyC=G(CH),CHy

Double bonds between carbons
numbered from methyl (w) end

(15-16)

HH HH
HOOG(CHg}iG=C-CHyC=G-Chy GG -CHy G
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H
(c
Examples of essential w-3 i
(linolenic acid), and an w-6 ;
linoleic acid) fatty acids |
( ) fatty .

Saturated Fatty Acids
have higher melting
points

I. An example of this includes Olive oil
versus Crisco shortening.

2. Degree of saturation of fatty acids
greatly affects membrane behavior.

-
¢
¢
¢
¢
¢
(
(
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Triacylglycerols (TAG’s) are the storage
form of fatty acids

WO~ c{ztlzﬁc{:m
|. The majority of our fatty acid aheer
intake is from our diet racyanear

2. When cellular energy is o
plentiful, fatty acids can be
synthesized de novo

3. The acyl chain on carbon | of
a TAG is usually saturated, {
that on carbon 2 is often N
unsaturated, and that on ot bt
carbon 3 can by either.

Fats are broken down to forms that can
passage into intestinal mucosal cells

Dietary lipids Fatty
: wo *%°
K CE, PL, TAG A_A)
o = (unchanged) o Croestent
R-C-O bl
Cholesteryl ester (CE) Cholesterol

STOMACH,

o
reonne || [Mostof the CE, PL, TAG, CHOCAAAAAAAA  2Fatty CH,-OH
and some short- and acids’
medium-chain fatty acids, Q2 2H0
TO BLOOD H HC -CAAN/SVAAA HC-OH
i 0 s | o
Bile salts emulsify, CH,0P -~ OCH,CH,N*(C} (CH,OP - OCH,CH,N*(CH.
i = 706' 12CH,N* (CHy)y zoé_ 12CHN* (CHy)s
enzymes degrade Choline
dietary lipids
( , ; @ =PL)
Y
(LYMPH) 2Fatty
11\ PRIMARY PRODUCTS. @ Soids
Reesterified) , |, | Free fatty acids OF-
N 2 Monoacylglycorol o cH-0-b-p, MO . g'o g"?o”
storo 52;»--»«
R-C-0-CH O r— 2 i
(] Srotn T oo
H

v Triacylglycerol (TAG) 2-Monoacylglycerol
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The critical players for the
uptake of fats from the diet
are: pancreatic lipase and

bile salts
Cholic acid Glycine
(a bile acid)

A . e et

o
C-N-CH,CO0"

Glycocholic acid
(a bile salt)
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Digested fats form mixed
micelles in the intestinal lumen

|. Fatty acids, monoacyglycerol and
cholesterol can be absorbed by intestinal
mucosal cells.

2. After absorption, triacylglycerols are re-
formed and cholesterol re-esterified.

3. These [very hydrophobic] compounds are
packaged by apolipoproteins into
chylomicrons for transport throughout
the body via lymphatic and, subsequently,
blood stream.

4.Short and medium chain fatty acids can be fr”'ﬂf e

directly absorbed by intestinal mucosal \
&

;

cells. &
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Resynthesis of triacylglycerides and cholesteryl
esters at the ER of intestinal mucosal cells

INTESTINAL MUCOSAL CELL Amino acids —>» —> —> Apolipoprotein B-48 thhollplﬂ
Fat-soluble vitamins

2-Monoacylglycerol ferse Triacylglycerol

CoA CoA

© ©
RC-O" RC-CoA
Long-chain fatty acids CoA ATP AMP+PP, Fatty acyl-CoA

Fat -CoA synthetase

£ /
ester
TO LYMPHATIC SYSTEM

|. Fatty acids are activated by fatty acyl CoA synthetase
[requires ATP].

2. Triacylglycerol synthase re-joins 2-monoacylglycerol with
two fatty acyl CoA

3. Cholesterol is re-esterified with fatty acyl CoA by Acyl CoA
cholesterol acyltransferase
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Chylomicrons transport TAG’s and Cholesterol-
esters to peripheral tissues

INTESTINAL MUCOSAL CELL Amino acids —>» —> —> Apolipoprotein B-48 Phosphollplh
Fat-soluble vitamins
2-Monoacylglycerol % Triacylglycerol
CoA CoA
o [}

Fat -CoA synthetase RE-CoA

RC-0" 4
Long-chain fatty acids CoA ATP AMP + PP, Fatty acyl-CoA N =
CoA
ester
TO LYMPHATIC SYSTEM

|.Mature Chylomicrons contain TAG’s, cholesterol, cholesterol
esters, phospholipids and apoliporotein B-48.

Copyright © 2008 Wolters Kluwer Health| Lippincott Williams & Wilkins

2. The apolipoprotein stabilizes the particle and increases its
solubility. It also prevents multiple particles from coalescing into
a large mass.
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TAG’s in chylomicrons are broken down
primarily in the capillaries of skeletal
muscle and adipose tissue

|. Lipoprotein lipase degrades TAG’s into free
fatty acids and glycerol

2. Free fatty acids can be absorbed by neighboring
cells or transported to other sites by the carrier
protein, albumin.

3. Glycerol that is released from triacylglycerol is
used primarily by the liver to produce
glycerol 3-phosphate which can by utilized by
glycolysis or gluconeogenesis

Unsaturated bonds are typically in cis
configuration

Oleic acid Elaidic acid
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trans fatty acids can also be incorporated
into TAG’s and phospholipids

Elaidicacid 1~~~ 7 7

versus

_CH,

Palmiticacid 1 —

Why are trans fatty acids unhealthy?
I. epidemiological studies
2. biochemical studies

W \Fructose 1,6-bis-P /— Glyceraldehyde T Fructose 1-P
Glyceraldehyde 3-P <= M

Glycevaldehydea -P =5 Dihydroxyacetone-P

Glycolysis

1,3-bis-Phosphoglycerate Glycerol-P «—— Glycerol
W
3-Phosphoglycerate
Triacylglycerol
i
2-Phosphoglycerale T
Fatty acyl CoA «——Fatty acids
A‘B /7 Phosphoenolpyvuvate ) Triacylglycerol
synthesis and
Gly degradation
Lactate < Pyruvale Malonyl CoA
Thr co. °°2 Leu
n Phe
NH. CO,
3 I 2 Ace(yl CoA S & Acetoacetate «—— P,';
Carb: I-P A’" \\ 0
peoamoy B-Hydroxybutyrate

Aspartate S Oxaloacelate Cllrale
Citrul llne

/ Malale Isocllrale Gin
Ar |n|nosucc|na(e l co.
Ornithine U g r cycl b 2 g') Pro

I \/ Fumara(e o-Ketoglutarate < Glu «— His
cycle A
/‘ \ />c0, rg
Arginine Succinate Succinyl CoA «<— Methylmalonyl CoA
We V
1l
/ Me“ —> Propionyl CoA
Pha] Val Tf’AcelyI CoA
u Thr Fatty acyl CoA

(odd number of carbons)
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Glyceraldehyde 3-P < Dihydroxyacetone-P

it
H H 1,3-bis-Phosphoglycerate Glycerol-P «—— Glycerol
Fatty acid degradation %
provides metabolic energy in e },macy.g.,ce,o._{
several ways 2-Phosphoglycerate t l
1 Fatty acyl CoA < Fatty acids
~» Phosphoenolpyruvate ) Triacylglycerol
0 / T synthesis and
. . . ictate < Pyruvate Malonyl CoA dogiadation
I Via breakdown of acyl chains into a (e rccy/ Leu
number of Acetyl-CoA molecules. Y o
Acetyl-CoA £ £ Acetoacetate «—
2. Via recovery of Glycerol-6- ,,e W\ i

phosphate from triacylglycerols. -Hydroxybutyrate

3. During starvation, hepatocytes divert =~/ N
_ Malate grpwsmpsweT  Isocitrate GIn
Acetyl-CoA from the TCA cycle If boo, O -

Oxaloacetate Citrate

(which is driving gluconeogenesis) B rate a-Ketoglutarate <5 Glu <— His
towards production of Ketone \ />©0 =0
Bodies ( rimaril Acetoacetate) Succinate Succinyl CoA <— Methylmalonyl CoA
P Y : v lle
Met —> Propionyl CoA
Val Acetyl CoA
Thr Fatty acyl CoA

(odd number of carbons)

FATTY ACID BIOSYNTHESIS MITOCHONDRIAL MATRIX
1. Sites - major (liver, lactating mammary gland) OAA Acetyl CoA
and minor (adipose tissue, kidney) Citrate synthase N coA

2. Precursors and cofactors — acetyl CoA, ATP,
NADPH, CO, s Citrate
3. Main site of synthesis is in the cytoplasm
4. Cytoplasmic acetyl CoA is from transported
mitochondrial acetyl CoA :
e i ?
|. Citrate shuttle transports acetyl CoA from INNER MITOCHONDRIAL MEMBRANE
mitochondria and to cytoplasm (Fig. 16.6) -

+

VA=

-

mitochondrial citrate synthase (OAA + Acetyl Ste
C . .
.oA) — citrate — cytoplasm — cytoplasmic coA~y| arp
citrate lyase (OAA + Acetyl CoA)
ATP-Citrate Iy
5.acetyl CoA is precursor for fatty acid synthesis; TN ADP P;

energy charge (ATP levels) must be high in the OAA Acetyl CoA
cell

CYTOSOL

Figure 16.6
Production of cytosolic acetyl CoA.
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6. Carboxylation/decarboxylation — provides
energy and mechanism for synthesis (Fig. 16.7)
— acetyl CoA carboxylase (covalently bound :'A
biotin); ATP; CO,; product is malonyl CoA (3
carbons)
7.Regulation of acetyl CoA carboxylase (rate-
limiting, committed enzyme)
a) short term - polymerization of dimer cH P
(protomer) is stimulated by citrate; inhibited | a; oA
by malonyl CoA and palmitoyl CoA (Fig. 16.7)
Eg\ —
A9 Ahmad et al. JBC 253, 1978 .
(‘(“
. Protein phosphatase
b) phosphorylation — glucagon and P,
epinephrine stimulate phosphorylation =
inactive; high insulin and carbohydrates Acetyl CoA Acetyl CoA
promote dephosphorylation = active (Fig. |carboxylase- P carboxylase
(inactive) (active)

16.8)

c) long term - enzyme levels; increased by
high carbohydrate, low fat diet (high citrate
activates); inhibited by low carbohydrate,
high fat diet. Same is true for fatty acid
synthase

cAMP-dependent
protein kinase

ADP

Glucagon
Epinephrine

ATP

Figure 16.8
Hormone-mediated, covalent regulation of acetyl CoA carboxylase.
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Fatty acid
synthase

|. multifunctional enzyme
with seven (7) different
catalytic activities.

2.It is composed of a single
polypeptide chain!

3.1t has a special domain, the
ACP, (acyl carrier protein)
which covalently binds a 4’-
phosphopantetheine
molecule.

COO" added by acety/
CoA carboxylase
[

—oC-CHrC-5-Con
Malonyl CoA
S Malory CoA NG
E]

Acyl carrier protein domain with
4-phosphopantetheine (ACP-SH)

! VS| su‘ on

NADP*  NADPH + H¥
SH
PO /R o o
17 G -CHy [C] 5-C-CH,~C-CH,
H

ovsksH
e

NADPH + H*

Q
-CH,~C-5-CoA

NADP*
9 o* 0
SH §-C-CH;CH,~CH, A $-C-CH;CH,-
9‘2 i ' CHCH ool 3 Sourcuron
5-C-CH,-cH-cH, (21 1 5-C-Cy-C3.
o]
Four-carbon, saturated
fatty acyl-ACP (butyry-ACP) €0z
NADP*
s“
s C‘C"z

\J Kk 5 X !“Sss" 9
Soccaton sartod
s
[ '::m'“m mly-cm (p.lmnnyucp;
I?l*m
R \).s.m . .3,4 PALMITATE

~CH,~CH,~Ci 151 ACPS-C-CHy~C-CH,-CHy-CHy
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Domain | [substrate entry]

(1) acetyltransacylase

(2) malonyl CoA-ACP-transacylase

(3) 3-Ketoacyl-ACP synthase

Domain 2 [the reduction

unit]

(4) 3-Ketoacyl-ACP reductase

(5) 3-Hydroxyacyl-ACP
dehydratase

(6) Enoyl-ACP reductase

Domain 3 [the palmitate
release unit]

ACP (acyl carrier protein domain)

(7) Palmitoyl thioesterase

00" added by acetyl
CoA carboxylase
(]

2 ccn,csceA

CH,=C-S-CoA
SH  Acetyl CoA s c cn, __Maonyicon s ow.
0
i — a7 s c Su-eiQ.
\FArrVAcm
co,

Acyl carrier protein domain with
4-phosphopantetheine (ACP-SH)

HO & NADP*  NADPH + H¥
P IN— o o N J o o
] 5-G-CH,-C -CHy E] S-C-CHy-C-CHy
H

sH
2
S-C-CH=CH-CH;

NADPH + H*
m
NADP*

cn.csw

5 C"‘t -CHy

sH
)
S5-C-CH-CH,-cH, 21
Fourcarbon, saturated
fatty acy+-ACP (butyry-ACP)

ot NADP* NADPH  H,0 NADP*  NADPH VoL sH
o K_JH K NS b o
5-C. oM CHI oty (7] 3] ] ACP§5-G-CH,~G-CHy-CH CHy

S~ c*;u, cllrcﬂu a0y CoARS
) T

\ Six-carbon, saturated n-carbon, satur
fatty acyl-ACP oy aci tarmity-ACP)
\y (hexanoyl-ACP) i 56
epsetsine Sy SH su
(-7
I -1 \,s‘ PALMITATE

tate sM
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Fatty acid synthase ACP domain with
phosphopantetheine prosthetic group

Acyl carrier protein Coenzyme A
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(6) thioesterase {not shown}

Acetoacetyl ACP
NADPH

o-3-Hydroxbutyryl ACP

H
crotonyl AP
NADPH ~_

e

H,
Batyryl AP

I. transfers short chain acyl-CoA

to ACP domain

2. uses both acetyl-CoA and
malonyl-CoA with equal
efficiency

3. can also utilize propionyl-CoA
to form odd-length fatty acids
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malonyl transferase domain N ‘%‘ ‘

If malonyl transferase really can’t
distinguish between acetyl-CoA
and malonyl-CoA, what happens
if it binds and transfers several
acetyl-CoA’s in succession to
ACP, instead of malonyl-CoA?

3-Ketoacyl-ACP-
synthase

|. catalyzes the committed
step in acyl chain
elongation, but is not
rate-limiting for fatty acid
synthesis (acetyl CoA
carboxylase)

2. somehow measures the
growing chain and
terminates elongation at 16
carbons.
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The deep pocket within ketoacyl
synthase, in combination with
thioesterase, are postulated to limit acyl
chain length synthesis to 16 carbons

PP pocket
Summary of fatty ot
acid synthesis
8 acetyl CoA + 14 NADPH + 14 H+ + 7 ATP %ﬂ%g"ﬂ"m
!
Vi
palmitic acid (16:0) + 8 CoA + 14 NADP* + Heon
7 ADP + 7 Pi + 7 H20 -
I. The major suppliers of NADPH for fatty
acid synthesis are:

a) the hexose monophosphate shunt

b) cytoplasmic malate dehydrogenase
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